Let a(n) be the maximum excess of an Hadamard matrix of order n. Hadamard matrices with maximum excess are constructed for the following cases:
Introduction
An Hadamard matrix, called H-matrix, of order n is an IZ x II matrix H with elements +l, -1, satisfying HTH = HHT = nl,. The sum of the elements of H, denoted by a(H), is called excess of H. The maximum excess of H, over all H-matrices of order it, is denoted by a(n), i.e.
o(n) = max a(H)
for all H-matrices of order n (1) An equivalent notion is the weight w(H) which is the number of l's in H, then a(H) = 2w(H) -n2 and u(n) = 2w(n) -n2, see [4, 12, 15] .
H-matrices with maximum excess are known for the following values of n: n 6 52 (n = 0 mod 4), n = 64, 80, 84, 100, 124, 144, 172, 196, 256, 324, 400 , and IZ = (4m)*, where 4m is the order of an H-matrix [2, [4] [5] [10] [11] [12] 161 .
In this paper we construct H-matrices with maximum excess for the following cases:
(i) n = (4m + l)* + 3 for m = 8, 13, 18, (ii) 12 = (4m + 3)* + 3 for m = 3, 4, 5, 12, (iii) it = 4(2m + l)* for m = 10, 16, 18.
Construction
Our construction follows that of Hammer, Levingston and Seberry [8] who formed orthogonal designs OD(4t; C, t, t, t) and then replaced the commuting variables by Williamson type matrices. This practice for constructing Hadamard matrices derived from extensions due to Baumert and Hall [l] who found the first 0D (12; 3,3,3,3) and Cooper and (Seberry) Wallis [3] who first introduced T-matrices to form OD(4t; f, t, t, t). The variables of these ODs are then replaced by Williamson type matrices (Wmatrices) of order w to form Hadamard matrices of order 4wt. These are discussed extensively by Geramita and Seberry [6, pp. 120-1251. Case I: n = (4m + 1)2 + 3. It is known [lo] that: a(n) s n(4m + 1) = nm and the H-matrix with maximum excess has row or column sum vectors:
(4m e&4, (4m + 4) e;f/4) (2) or
where e, is an s x 1 vector of l's and T denotes the transpose. For m = 0, 1,2, 3, i.e. n = 4, 28, 84, 172 such H-matrices have been constructed [lo] . Now use the Goethals-Seidel array:
and construct circulant or block-circulant matrices (B.C.M) X, Y, Z, W with row sums 4m + 1, 1, 1, 1 respectively, then HI gives row-sum vector as in (2) , -A, -A, B, A, -B, D, -A, D, -C, C, -C, B,   C, -B, C, C, A, A, B, A, -C, -B, B, -D) , A, -C, D, -B, A, D, B, B, A, -B, -A, -C, B, -C, -D, D, -D [16, pp. 388-3891. (ii) For m = 4, n = 364 = 4 * 13 -7, take the B.C.M of order 7
Y=(-B,

X = (A, D, C, -C, B, B, C), Y= (-B, -C, D, -D, A, A, D), Z= (C, -B, -A, A, D, D, -A), W= (-D, A, -B, B, C, C, -B)
where A, B, C, D are W-matrices of order 13 with row sums 3, 5, 3, 3 respectively [16, pp. 388-3891 . It is known [lo] that o(n) s n(4m + 2) = nfi and the corresponding H-matrix has all row and column sums equal to 4m + 2, i.e. it is regular [16, p. 2801. Form=O,l,..., 6, 8, 9 , 12 H-matrices with maximum excess are known [lo] . , -B, -B, D, -B, -D, -B, B, B, -D, B, D, D, B, B, D, B, D, B,   -D, D, -B, B, -D, B, -D, -D, D, -B, D, B, -D, -D, D, -D, -A D, B, -B, -D, D, B, D, B, B, -B, -D, -B, D, B, B, -B, B, -C) where A, B, C, D, are W-matrices of order 37 with row sums 5, 7, 5, 7 respectively [ 171.
Remark. Combining our results with those of [lo] we have: Hadamard matrices of order n = 4(2m + 1)2 = 4k2 with maximum excess exist 1,3, . . . ) 13, 17, . . . ) 25, 33, 37 . This means that regular Hadamard order 4k2 and SBIBD(4k2, 2k2 f k, k2 f k) also exist for these k Seberry [ 131.
for k = matrices of values, see
